posed to typically 100-150 in previous studies). Both 1995) . And in that same period, the project of understudies confirm the original observation that the distristanding the machinery that endows rods with their bution of response amplitudes at the time to peak of amazing ability has captivated and motivated a generathe ensemble mean is quantized (Baylor et al., 1979b ); tion of photoreceptor physiologists, biochemists, and that is, the histogram of amplitudes follows the Poisson molecular biologists. As a consequence, through the distribution dictated by photon capture statistics, apefforts of many investigators the molecular mechanisms propriately combined with dark noise, and with random of the G protein cascade of rod phototransduction have fluctuations in the amplitude of the single-photon rebeen worked out in wondrous detail. In particular, a sponse (designated hereafter as singletons, as in Whitgenerally accepted description of the amplifying events lock and Lamb's paper). Both studies find the variation underlying the activation phase of the single-photon in the singleton amplitude to be modest: the coefficient response has been achieved (Figure 1 ). And while insight of variation (cv) reported in both papers is about 20% into the molecular mechanisms governing the cascade's (the cv is the ratio of standard deviation to mean). Both timely inactivation has lagged behind that into the mechstudies find that calcium clamping (or calcium buffering) anisms governing activation, it is now rapidly catching leads to slowed responses with greater peak ampliup. Nonetheless, full understanding of the inactivation tudes, and that the time to peak of the singletons under of the rod cascade has been bound up in a Gordian both conditions has a cv of 20%. And finally, both studknot-the apparent stereotypy of single-photon reies agree on an observation crucial to the understanding sponses.
of the mechanism of R * shutoff: the cv of the singleton In this issue of Neuron, Whitlock and Lamb (1999) amplitudes measured under calcium clamping (or calappear to have cut the knot by providing compelling cium-buffered) conditions is approximately 20%, about evidence that the inactivation phase of toad rod singlethe same as that obtained in the control condition. photon responses is in fact considerably more variable Though the two studies are in close factual agreethan previously thought. Moreover, based on their eviment, they differ in the analyses they apply. Step 1: Capture of a photon (h) causes rhodopsin to transform into its enzymatically active form, R * .
Step 2: R * repeatedly contacts molecules of the G protein, catalyzing the exchange of GTP for GDP, producing the active form G * ␣ (ϭG␣-GTP).
Step 3: G * ␣ subunits bind to the inhibitory ␥ subunits of the phosphodiesterase (E), thereby activating the corresponding ␣ and ␤ catalytic subunits, forming E * 's.
Step 4: E * 's catalyze the hydrolysis of cyclic GMP (cG).
Step 5 The Whitlock and Lamb paper exposes a class of feedback mechanisms that may operate more generally to give statistical precision to the lifetime of the activated state of G protein-coupled receptors (GPCRs). As illustrated in Figure 2 , the GPCR kinase (GRK) is inhibited in the nonsignaling condition and only becomes disinhibited as the response builds up to a reliable magnitude. The result of this feedback control via the GRK is a GPCR * whose lifetime is tuned to the signaling task. Another notable feature of the model of "GPCR * lifetime tuning" proposed by Whitlock and Lamb may have general applicability: the local calcium concentration in the cell constitutes the memory for the timing mechanism.
